A new measurement of the parity violating asymmetry in elastic electron scattering on hydrogen at backward angles and at a four momentum transfer of Q 2 =0.22 (GeV/c) 2 is reported here. The measured asymmetry is ALR = (−17.23 ± 0.82stat ± 0.89syst)·10
PACS numbers: 12.15.-y, 11.30.Er, 13.40.Gp, 14.20.Dh Sea quarks are an important ingredient to describe nucleon properties in terms of fundamental QCD degrees of freedom. Strange quark-antiquark pairs might play a relevant role and affect e.g. the electromagnetic properties of the nucleon. The contribution of strange quarks to the charge radius and magnetic moment in the nucleon ground state is of specific interest since this is a pure sea quark effect. The strange quark contribution to the electromagnetic form factors of the nucleon can be expressed in terms of the strange electric and magnetic form factors G s E and G s M . There are various theoretical approaches for estimating the strange form factors [1, 2] , such as quark soliton models [3, 4, 5] , chiral quark models [6] , quenched lattice calculations [7] or two-component models [8] . Parity violating electron scattering provides a direct experimental approach [9, 10, 11] . A measurement of parity violation necessarily involves a weak interaction probe of the nucleon. This provides additional information allowing a measurement of G s E and G s M . Within the standard model of electroweak interaction, it is known that electromagnetic and weak currents are related. Assuming isospin symmetry, the weak vector form factorsG p E,M of the proton, describing the vector coupling to the Z 0 boson, can be expressed in terms of the electromagnetic nucleon form factors G p,n E,M and the strange form factors G s E,M . The interference between tree level electromagnetic and weak amplitudes leads to a parity violating asymmetry in the elastic scattering cross section of left-and right-handed electrons (LR) σ L , σ R :
. This asymmetry can be written as a sum of three terms, A LR = A V + A S + A A . A V represents the vector coupling on the proton vertex without strangeness contribution, A S contains the strange quark vector contribution, and A A represents the axial coupling to the proton vertex [11] :
, G µ the Fermi coupling constant, α the fine structure constant, τ = Q 2 /(4M (14) [12] is the square of the sine of the weak-mixing angle. The factors ρ ′ eq andκ ′ eq include the electroweak radiative corrections evaluated in the minimal subtraction renormalization scheme (M S). The electromagnetic form factors G p,n E,M are taken from a Monte Carlo based analysis of the world data [13] resulting in the non-strangeness expectation A 0 = A V + A A = (−15.87 ± 1.22) ·10 −6 . The dominant contribution to the uncertainty of A 0 comes from the uncertainty due to the two-quark radiative corrections (anapole moment) in the axial form factorG [16] and a precise measurement with helium and proton targets at a Q 2 of 0.1 (GeV/c) 2 [17] . Those measurements put tight constraints on the strangeness contribution to the form factors at these momentum transfers. The G0 collaboration at TJNAF performed a forward angle measurement with several momentum transfers between 0.1 (GeV/c) 2 and 1 (GeV/c) 2 , including the momentum transfer discussed here [18] . The A4 collaboration at MAMI has completed measurements on a hydrogen target at forward angles and momentum transfers of 0.23 (GeV/c) 2 and 0.1 (GeV/c) 2 [19, 20] . These measurements were sensitive mainly to G A is taken from a calculation as an input parameter. These two measurements have to be performed at the same Q 2 . The A4 experimental setup [19, 21] at the MAMI accelerator [22] allows the measurement at scattering angles Θ either between 30
• and 40
• or 140 • and 150
, where η = 1 + E/M p (1 − cos Θ), the momentum transfer can be selected by varying the beam energy E. To match the Q 2 value of the A4 forward measurement a beam energy of 315.1 MeV was chosen for the backward angle experiment. The experimental setup was described in detail in [19] . Here we summarize the basic components and emphasize the modifications that have been made. A superlattice photocathode delivered a polarized electron beam with an intensity of 20 µA and an average polarization P e of about 70%. The beam polarization was measured once a week using a Møller polarimeter with a precision of 2%. In addition, a Mott polarimeter and a transmission Compton polarimeter were used. Altogether, the uncertainty to the beam polarization is 4%. It was particularly important to minimize helicity correlated beam fluctuations in position, angle, current and energy that introduce false asymmetries due to changes in luminosity, cross section or solid angle. Table I lists the measured beam parameters during the 1100 hours of asymmetry data taking. The liquid hydrogen target [23] was 23.4 cm long yielding a luminosity L ≈ 1.2 · 10 38 cm −2 s −1 . Target density fluctuations were monitored by eight waterCherenkov luminosity monitors located at small scattering angles [24] and were kept below ∆L/L < 10 −6 averaged over the whole data set. The scattered electrons were detected in a homogenous electromagnetic calorime- ter that consists of 1022 lead fluoride (PbF 2 ) crystals [25] . The detector covered a solid angle of ∆Ω=0.62 sr. Single events were detected and their energy was measured with a resolution of about 3.9%/ √ E. The most important aspect of the backward measurement is the installation of 72 plastic scintillators in front of the PbF 2 crystals (see Fig. 1 ). Used in coincidence with the calorimeter, they enable the separation of charged from neutral particles. Photons from π 0 decay could thus be separated from scattered electrons. If the electronic threshold was exceeded, the energy that was deposited by a particle in the calorimeter was digitized by an 8 bit ADC and stored into a coincidence or a noncoincidence histogram depending on the trigger signal from the scintillator. Furthermore a polarization signal distinguished between the two helicity states of the beam. Altogether each calorimeter channel produced four histograms for each five minute data taking run. The data analysis was similar to that of the previous measurements [20] . Modifications were needed since the coincidence histograms were polluted by high energy pho- tons converting into e + e − pairs in the aluminium wall of the vacuum chamber and in the scintillator. The LRasymmetry of the γ background was determined from the noncoincidence spectra. A detailed Monte Carlo simulation using GEANT4 was implemented for tracking shower particles and calculating the detector response. The simulation reproduced the measured spectrum well for energies above 125 MeV, while for lower energies threshold effects of the analogue readout electronics become important. From the simulation one can derive as a function of the γ energy both the probability of a γ to convert and trigger the scintillator and the mean energy loss of the generated e + e − pairs. Fig. 2 shows the measured energy spectra and the contributions from the different processes. The contribution to the background arising from aluminium events from the target entrance-and exit-windows was determined by a measurement with an empty target and is about 4.5%. The background elimination was achieved by scaling the measured noncoincidence spectra with the conversion probability and shifting them by the energy loss. Different methods for the scaling and shifting procedure were applied and gave dif- ferences in the final asymmetry below 0.2 · 10 −6 . The number of elastic events for positive and negative helicity was determined by applying cuts on the coincidence energy histograms as indicated in Fig. 2 by the dotted lines and summing up all 730 channels of the inner five calorimeter rings. For each run the raw asymmetry is calculated. The false asymmetries are corrected using the ansatz
where the X i denote the helicity correlated beam parameters as defined in table I. The a i denote the correlation coefficients between the observed asymmetry A raw and the beam parameters X i . These coefficients have been determined from geometry and in addition from the intrinsic beam fluctuations via a multiple linear regression analysis. Both methods yield only small corrections relative to the measured asymmetry and agree within the statistical precision. Finally the physical asymmetry A LR is obtained by normalization of A exp by the electron beam polarization P e : A LR = A exp /P e . About half of our data was taken with a half-wave plate inserted in the laser op- tics of the electron source. This leads to a reversal of the beam helicity and a partial compensation of helicity correlated false asymmetries. All relevant corrections applied to the measured asymmetry are listed in table II. The asymmetry for the aluminium events is calculated in the static approximation leading to a correction for the asymmetry of 0.29·10 −6 . Another source of background are accidental coincidence events in the scintillators with a fraction of about 1.3% leading to a correction of −0.19·10 −6 . Since the event rate on the detector is 4-8 times smaller than in our forward measurements, corrections on the asymmetry due to pile-up are negligible here. Fig. 3 shows the parity violating asymmetries for the whole data set. The sign flip when the half-wave plate was inserted can be clearly observed. In total 3 · 10 [14] , the new result favors a negative strange magnetic moment as predicted by many models and also in accordance with the latest lattice calculation [7] . Furthermore, it disfavors a negative G s E in this momentum transfer region as suggested by [18] . Both HAPPEX and A4 have scheduled measurements in the near future to clarify the situation for G s E at Q 2 = 0.6 GeV/c 2 .
